Serotonergic and noradrenergic pathways are the main targets of antidepressants. Their differential effects on emotion processing-related brain activation are, however, to be further characterized. We aimed at elucidating the neural sites of action of an acute differential serotonergic and noradrenergic influence on an emotion-processing task, which was earlier shown to be associated with depressiveness. In a single-blind pseudo-randomized crossover study, 21 healthy subjects (16 subjects finally included in the analysis) participated to ingest a single dose at three time points of either 40 mg citalopram, a selective serotonin-reuptake inhibitor, 8 mg reboxetine, a selective noradrenaline-reuptake inhibitor, or placebo 2-3 h before functional magnetic resonance imaging (fMRI). During fMRI, subjects performed a task comprising the anticipation and perception of pictures of either 'known' (positive, negative, neutral) or 'unknown' valence (randomly 50% positive or negative). In direct comparison with citalopram and with placebo, reboxetine increased brain activity in the medial thalamus. Citalopram modulated certain prefrontal and insular areas more prominently. Other frontal and parieto-occipital areas were modulated by both drugs. In conclusion, the functional network involved in emotional information processing could be modulated by the acute application of selective noradrenergic and serotonergic drugs revealing a noradrenergic effect in thalamic and frontal areas, and a prefrontal and insular focus of serotonergic modulation. These findings could have implications for future selection criteria concerning personalized antidepressant medication in depression.
INTRODUCTION
The term 'personalized medication' has been introduced in the scientific discussion in the context of pharmacogenetics (Holsboer, 2008) to identify subgroups of patients for which response to a specific drug could be predicted by genetic markers. A similar concept is the search for biological markers concerning functional, biochemical, or anatomical differences potentially acting as treatment response predictors or also for psychiatric diagnostics based on neurobiology (Gottesman and Gould, 2003; Flint and Munafo, 2007) . For the treatment of depressive disorders, the choice of the individually effective antidepressant medication remains a main problem. For over 50 years, the available antidepressant drugs primarily target monoaminergic pathways, either through the serotonergic or the noradrenergic system, or both (Schildkraut, 1965; Hirschfeld, 2000; Schloss and Henn, 2004) . However, until today no neurobiological criteria have been identified to decide which type of antidepressant for an individual patient would improve his or her depression (Bruder et al, 2008; Mayberg, 2003) .
Knowing the specific influence of noradrenergic and serotonergic antidepressants on emotion-processing-related brain activation, and identifying patterns of brain activation indicating an association with a more serotonergic or noradrenergic dysfunction in the depressed patient, could provide predictors for treatment response to select that antidepressant leading to a faster remission. This would save time and resources, which otherwise are spent trying different antidepressants.
Earlier studies have identified a network of regions involved in depressive information processing including the amygdalar complex, thalamic, insular, cingulate, and prefrontal cortical regions (eg reviews: Phillips et al, 2003; Drevets, 2001; Clark et al, 2009; Gotlib and Hamilton, 2008) . Cognitive processes in depression are characterized by a negative or 'pessimistic' bias toward the future (as well as toward 'the self [and] the personal world'), as outlined by Beck in the cognitive triad (Beck, 2005 (Beck, , 1967 ). We developed a task addressing 'pessimism' on the neural level, with 'pessimism' being regarded as the expectation of a negative outcome when anticipating an event of unknown, ie either pleasant or unpleasant emotional valence. Using functional magnetic resonance imaging (fMRI), this model has shown a pattern of brain activation in thalamic, midbrain, insular, cingulate, and prefrontal cortical regions during the anticipation of ambiguously cued events. The more depressed the healthy subjects and the depressed patients were, the more this pattern resembled the pattern during the anticipation of negatively cued stimuli (Herwig et al, 2007c (Herwig et al, , 2009 . As this neurocognitive model of depressive information processing has shown sensitivity for depressiveness in healthy subjects and patients with major depressive disorder, it was combined in this study with a neuropharmacological approach to differentiate and identify brain regions involved in depressive emotion processing that are susceptible to modulation by monoaminergic antidepressants. We used an acute serotonergic and noradrenergic challenge during the emotional anticipation paradigm. Single doses of either citalopram, the most selective serotonin-reuptake inhibitor (SSRI, Hyttel, 1982; Joubert et al, 2000) , or reboxetine as most selective noradrenergic-reuptake inhibitor (Kent, 2000; Tatsumi et al, 1997) were expected to enhance the serotonergic or noradrenergic transmission compared with placebo in those regions innervated by serotonergic or noradrenergic neurons and activated by the task. Until now, these regions are poorly characterized. In particular, there is no direct comparison of the modulating effects of these neurotransmitters in the brain during functional challenges. Noradrenergic and serotonergic innervations are widespread and strongly intertwined. However, the striatal region has strong serotonergic innervations and is nearly free of noradrenergic innervations (Logan et al, 2007; Kung et al, 2004) , whereas the medial thalamic region is known for noradrenergic binding (Smith et al, 2006) . Thus, we considered respective modulations. The results of this study, together with earlier findings of functional changes in depression, are intended to reveal potential regions of interest as indicators for future differential treatment of depressed patients.
MATERIALS AND METHODS

Subjects
Twenty-one healthy subjects (mean age ( ± SD) 28.14 ± 5.8 years, all right handed, 14 female) were recruited through direct address and email-newsletter advertisement. After complete description of the study, they gave written informed consent to take part. The study was approved by the local ethics committee. Each subject was intended to undergo three fMRI scans. Exclusion criteria were any history of neurological or psychiatric illness, assessed by a semistructured interview, significant head injury, pregnancy, actual medication (other than oral contraceptives), excessive consummation of alcohol, cigarettes and caffeine, consummation of illegal drugs, participation in another study with intake of pharmaceuticals and contraindications against MRI examination. Before inclusion, subjects completed psychometric assessment of state depression (selfrating depression scale SDS (Zung, 1965) , German version, cutoff score 50/100), trait anxiety (State Trait Anxiety Inventory STAI (Spielberger et al, 1970) , German version (Laux et al, 1981) , cutoff score 44/80), and personality traits (Eysenck Personality Inventory EPI, neuroticism/extraversion (Eysenck and Eysenck, 1964) , German version (Eggert, 1974) ). To confirm right-handedness, participants completed a questionnaire of handedness (Annett, 1970, German version) before the first scan. For demographic and psychometric data of the included subjects consider Supplementary Table S1 .
One subject had to be excluded because of pathological findings (gray-matter T2 hyperintensities without earlier clinical symptoms), one subject aborted the study and withdrew consent, and three subjects had to be excluded because of repetitive excessive head movements during scanning (43 mm in at least one direction) or to technical problems in at least two of the three scans such that only one scan remained at most which was not sufficient for the intra-subject comparisons. Of the remaining 16 subjects with at least two analyzable scans, in three subjects each one scan could not be completed because of technical reasons (error of the MR scanner). In total, we obtained 45 datasets that were included in the analysis as outlined graphically in the supplementary material (Supplementary Table S2 ).
Drug Treatment
Each subject received before each of the three scans a usual therapeutic target dose of either 40 mg citalopram (CIT), 8 mg reboxetine (RBX), or placebo (PLC, lactose) in a single-blind pseudo-randomized order, each two tablets in a closed wrap with the instruction of intake about 2.5 h before start of scanning, as peak concentrations of both drugs were observed 2-4 h after oral application (Joubert et al, 2000; Fleishaker, 2000) . A minimal washout period of 1 week was implemented between the scans, corresponding to at least five half-lives of both substances. The order of drug administration across sessions was counterbalanced by pseudo-randomization across subjects. Before and after scanning subjects were asked for side effects and concerning their experiences with the experiment in the scanner.
Experimental Design
During fMRI scanning, participants performed a task (programmed with Presentation, Neurobehavioral Systems, USA), which consisted of 56 trials with expectation (exp) and perception of emotional pictures (Figure 1 , description in Herwig et al, 2007c) . Within each trial, subjects were first presented a cue (duration 1000 ms), depicting either a 'smiling' ('positive') ',', a 'non-smiling' ('negative') '-', or a 'neutral' symbol 'À', indicating the emotional valence of the upcoming picture, or a symbol, after which randomly either a pleasant or an unpleasant picture appeared: the 'unknown' condition '|'. Notably, the term 'unknown' as used here refers to the fact that in this condition, the emotional valence of the upcoming picture was unknown, as it was cued ambiguously. The cues were 1/20 of screen height and the pictures filled the screen. The cues were highly abstract, physically comparable, and intuitively understandable; no prominent working memory was activated to establish their meaning. The following anticipation period lasted 6920 ms (blank screen with fixation point; cue plus anticipation: 4 TR). Subsequently, emotional pictures from the International Affective Picture System (IAPS, Lang et al, 2005) were presented for 7920 ms (4 TR). During the following baseline period (15840 ms, 8 TR), the blood oxygen level-dependent (BOLD) signal could wear off before the next trial. The main conditions were 'known' and 'unknown' emotional valence. The 'known' trials consisted of three sub-conditionsFpositive, negative, neutralFresulting in four different conditions. Each conditionFpositive (ps), negative (ng), neutral (nt), and unknown (uk, comprising ps : ng ¼ 1 : 1)Fcomprised 14 trials (randomized order). The positive condition provided a balance for the known negative trials and for the equality of the 'unknown' condition. Participants were instructed to expect the emotional stimuli after the cue, to be aware of the indicated emotional valence, and to watch the following picture. All participants performed a training session before scanning.
We used three sets of each 56 stimuli, in which the stimuli were matched between and within each set for equal difference of valence from neutral (IAPS picture rating, Lang et al, 2005) , and for complexity and content (Supplementary Table S3 ). Within all sets, the pictures were chosen in such way that arousal was matched according to the IAPS picture rating as much as possible between pleasant and unpleasant stimuli (detailed discussion in Herwig et al, 2007b) , though arousal in the positive pictures was lower in all sets compared with the negative pictures because of inherent characteristics of the IAPS pictures and of positive pictures in general (Lang et al, 2005) . The sets did not differ concerning content, complexity, arousal, and pleasure. The sets were randomly assigned to the sessions; no set was shown twice to the same subject to avoid memory effects. Immediately after each scan, the subjects rated the emotional valence (very negative ¼ 1, very positive ¼ 9) of the presented pictures (presented again as printouts) on a visual analog scale (Supplementary Table S4 ).
fMRI Acquisition
Imaging was performed with a 3.0 T GE Signa HD Scanner (GE Medical Systems, Milwaukee, 8-channel head coil). Echo-planar imaging was performed for functional MR imaging (repetition time (TR)/echo time (TE) 1980/32 ms, 22 sequential axial slices, whole brain, slice thickness/gap 4.5/0.5 mm, resulting voxel size 3.4 Â 3.4 Â 5 mm, matrix 64 Â 64 pixels, FOV 220 mm). Altogether, 908 volumes were obtained per subject, 16 per run. High-resolution threedimensional (3D) T1-weighted anatomical volumes were acquired (TR/TE 9.9/2.9 ms; matrix size 256 Â 256; 1 Â 1 Â 1 mm, axial orientation) for coregistration with the functional data. The stimuli were presented through digital goggles (Resonance Technologies, Northridge).
fMRI Data Analysis and Statistics fMRI data were analyzed using BrainVoyager QX 1.10 (Brain Innovation, Maastricht, The Netherlands). The first four images of each functional scan were rejected to allow for T2* equilibration effects. Preprocessing of the functional scans included motion correction, slice scan-time correction, high frequency temporal filtering, and removal of linear trends. Coregistration of functional and 3D structural measurements was computed by relating T2*-weighted images and the T1-weighted 3D structural measurement, which yields a functional dataset. Structural and functional datasets were transformed into Talairach space (Talairach and Tournoux, 1988) , resulting in a voxel size of 3 Â 3 Â 3 mm, then spatially smoothed with an 8 mm full-width half-maximum Gaussian kernel for subsequent group analysis.
The primary design matrix of each run consisted of a baseline and eight predictors, defined to present the anticipation conditions (negative, pleasant, neutral, unknown) and the analogous presentation conditions. The design matrix was build for analyzing intra-subject comparisons between the three treatment-conditions: CIT, RBX, PLC. These conditions were convoluted with a twoparameter gamma hemodynamic response function (HRF, Glover, 1999) provided by Brainvoyager (time to response Here, the cues are enlarged for presentational reasons.
peak 5 s, time to undershoot peak 15 s). There are no direct methodical studies concerning potential effects of citalopram and reboxetine on the HRF. Two studies, however, mentioned no changes of the hemodynamic reaction compared with PLC in a visual and a motor task, respectively (reboxetine: Miskowiak et al, 2007; citalopram: Wingen et al, 2008) . At first, 3D statistical parametric maps with separate subject predictors were computed using a fixed effects general linear model for the conjoint contrast (exp ng 4exp nt)&(exp uk 4exp nt) in each of the treatment conditions (CIT, RBX, PLC) at a statistical level of po0.001 (uncorrected, considering the conjunction of contrasts). This conjoint contrast reflected both situations considered to be unpleasant, the 'negative', and the 'unknown' expectation, of which the concerning brain activations earlier were found to be associated with depressiveness (Herwig et al, 2007c) , and that were suggested to resemble unpleasant feelings (eg in depression). The resulting ROIs were used to build masks for the three combined datasets for a comparison of the two conditions within these sets (CIT/PLC, RBX/PLC, CIT/RBXFexemplarily shown in Supplementary Figure 1) . Accordingly, in these combined masked datasets, separate beta maps for each subject were computed for the single contrasts exp ng 4exp nt and exp uk 4exp nt for each of the treatment conditions These maps were combined in a repeated measures ANOVA with the within-subjects factor 'treatment' (CIT, RBX, PLC). Statistical level at this step was set at po0.001 in the comparisons of CIT and RBX to PLC, and po0.01 in the comparison CIT vs RBX. Additional explorative analyses with a more lenient masking, acquired by an addition of the fixed effects masks of the single emotion expectation contrasts vs neutral (exp ng 4exp nt, exp uk 4exp nt, each at the statistical level of po0.00001) in each of the treatment conditions, are shown in the supplementary material (Supplementary Table S5 ). Further analyses of an interaction of medication and emotional expectation are added in the supplementary material as well (Supplementary Table S6) .
To analyze the effect of CIT and RBX on 'pessimistic' information processing, which means that the expectation of unknown cued emotional stimuli evokes a pattern of brain activation resembling the activation during the anticipation of negative, not of positive stimuli, we applied the 'pessimism contrast' (Herwig et al, 2007c) in each treatment condition: conjunction (exp ng 4exp nt) & (exp ng 4exp ps) & (exp uk 4exp nt) & (exp uk 4exp ps). This multiple conjoint contrast was calculated at po0.05 uncorrected. When computing this 'pessimism contrast' in the citalopram dataset, we detected only marginal activations, because of the influence of citalopram during the positive expectation, such that we could not compute a reasonable mask for the comparison of the 'pessimism contrast' to PLC. For this reason, we analyzed the 'pessimism contrast' only in the comparison of PLC and reboxetine in the combined masked dataset (as described above) with repeated measures ANOVA (po0.005). In all analyses, we used a common cluster threshold of 5 voxel à 3 Â 3 Â 3 mm (135 mm 3 ). To proof the placebo basis of our data and to compare this with earlier reports, we additionally performed an explorative separate analysis of the placebo data concerning the basic contrasts exp ng 4exp nt and exp uk 4exp nt (for details consider supplementary data). The results were descriptively and qualitatively compared with an earlier dataset (Herwig et al, 2007c) . Anatomical regions were identified according to the Talairach and Tournoux system (Talairach and Tournoux, 1988) .
We focused on the expectation period as a model for potential depressive expectations toward ambiguous events, and thus the analysis of the presentation period was out of the scope of the study and is not presented here.
RESULTS
Subjective Pharmacological Effects
Subjective reactions to the administered drugs were common, but not pronounced. After reboxetine, subjects reported mostly a sensation of piloerection, impaired visual accommodation, slight xerostomia, nausea and feelings of dysphagia, and rather fatigue than excitement or nervousness; sleep was nearly undisturbed. After citalopram, three subjects reported changes of feeling (intensified feelings) and one experienced acoustical sensations/pseudo-hallucinations (music) during scanning. One subject nearly panicked with citalopram in the scanner (though it was the second time in the scanner), but could be calmed verbally to finish the examination. Problems with sleep were frequent (12/17) after citalopram, mostly problems with falling asleep. Three subjects reported one episode of diarrhea about 4-8 h after intake of citalopram. The reported side effects after placebo were inconsistent, some dizziness, little nausea.
Behavioral Analysis
Single doses of citalopram and reboxetine did not influence the ratings of the emotional valence of the presented pictures after scanning compared with placebo (see Supplementary Table S4 ).
Effects of Serotonergic Modulation Compared with Placebo
Acute enhancement of serotonergic neurotransmission by citalopram during the anticipation of negative emotional stimuli increased brain activity compared with placebo (Table 1a ; Figure 2 ) in frontal cortical areas as the right middle frontal gyrus (MidFG, Brodmann area (BA) 6/9, part of the dorsolateral prefrontal cortex (DLPFC)), medial prefrontal cortex (MPFC, BA 4/6), and inferior frontal gyrus (IFG, BA 46, within the left ventrolateral prefrontal cortex (VLPFC)). Subcortically, activity was increased in the right dorsal striatal complex, in particular in the caudate body and tail, and in the upper dorsal midbrain. During the anticipation of unknown emotional stimuli (Table 1a ), brain activity was increased by citalopram in the same regions of the dorsal striatal complex (caudate body and tail) and additionally in the right inferior parietal lobe (BA 40), but not in frontal regions.
In both analyses, there were no regions with decreased activity after citalopram compared with PLC. With more lenient masking, additional regions with increased activity because of pretreatment with citalopram in the right insula (BA 13) and in the region of the right bed nucleus of stria terminalis and the adjacent extended amygdalar region were detected in the anticipation of negative emotional stimuli (Supplementary Table S5a ). This additional analysis revealed no further relevant activations during the anticipation of unknown emotional stimuli.
The above-mentioned 'pessimism contrast' (conjunction exp ng 4exp nt & exp ng 4exp ps & exp uk 4exp nt & exp uk 4exp ps) revealed no regions in the comparison citalopram vs placebo at the statistical level po0.005.
The explorative analysis of the interaction between all emotion expectation contrasts and the medication (citalopram/placebo) resulted qualitatively in no further activations (Supplementary Table S6a ).
Effects of Noradrenergic Modulation Compared with Placebo
Acute enhancement of noradrenergic neurotransmission by reboxetine increased brain activity compared with placebo during the anticipation of negative emotional stimuli (Table 1b; The explorative use of more lenient masks revealed qualitatively no additional activation (Supplementary Table  S5b ), the analysis of the interaction between all emotion expectation conditions and the treatment conditions reboxetine and placebo revealed additionally a region in the right amygdalar complex (Supplementary Table S6b) .
In all analyses, there were no regions with higher activity after pretreatment with placebo compared with reboxetine.
Direct Comparison of Serotonergic and Noradrenergic Modulation
The direct comparison of serotonergic and noradrenergic modulation of brain activity revealed increased activations after pretreatment with citalopram that were limited to the anticipation of negative stimuli (Table 1c; Figure 5 ): citalopram increased neural responses within frontal regions such as the right SFG (BA 6) within the MPFC, the right MidFG (BA 6) as part of the right DLPFC, and the left precentral gyrus (BA 6) within the left DLPFC as well as the left IFG (BA 47) within the left VLPFC. Subcortically, the right striatal complex (caudate) was more active after pretreatment with citalopram.
Reboxetine increased brain activity compared with citalopram (Table 1d ) during the anticipation of negative stimuli in the bilateral medial thalamus (Figure 6 ). During the anticipation of unknown stimuli reboxetine compared with citalopram influenced the mediodorsal thalamus, a region in the left ventromedial midbrain, fitting the left substantia nigra, and a region apart from the left lateral globus pallidus, fitting the extended amygdalar complex. Cortically, reboxetine increased activity compared with citalopram during the anticipation of unknown stimuli in the posterior cingulate cortex (BA 31) and left occipital regions such as the left inferior occipital gyrus (BA 18), the left fusiform gyrus (BA 37), and the left precuneus (BA 7).
An explorative analysis with the more lenient masking (Supplementary Table S5c + d) and the analysis of the interaction between all emotion expectation contrasts and 
Analysis of Placebo Condition
The explorative separate analysis of the placebo condition concerning the basic contrasts exp ng 4exp nt and/or exp uk 4exp nt (for details consider supplementary material and Supplementary Figure S2 ) revealed activations in bilateral dorsolateral and ventrolateral prefrontal regions, in bilateral insula, in the midbrain and the medial thalamus, in the region of the left bed nucleus of the stria teminalis as extended amygdala region, and in temporo-occipital and parietal regions. All these areas were also activated in an earlier dataset using the same paradigm, however, with different scanning parameters, in native subjects (Herwig et al, 2007c) , according to a qualitative descriptive comparison. Differences to that dataset particularly concerned less or lacking cingulate and distinct amygdalar activations. All areas reported above to be active with serotonergic or noradrenergic modulation were qualitatively essentially comparable in the present placebo condition and in the earlier sample.
DISCUSSION
The aim of this study was to elucidate and differentiate the influence of acute noradrenergic and serotonergic modulation onto brain activations during depressiveness-associated emotional information processing. Our main findings provide evidence for a selective focus of noradrenergic effects on the medial thalamic region and a more prominent dorso-and ventrolateral prefrontal focus of serotonergic effects. Medial and dorsolateral prefrontal regions were modulated by both citalopram and reboxetine, but with a preponderance of serotonergic effects. Other regions, such as the cingulate, known to be activated during the anticipation of emotional stimuli and involved in depressive information processing, were not found to be modulated differentially in our approach compared with placebo. Primarily, the placebo sample can be regarded as a suitable basis for the comparison with the medication conditions, as it shows comparable activations with an earlier report (Herwig et al, 2007c) , particularly concerning the regions reported here to be modulated in the medication conditions. The chosen substances, citalopram and reboxetine, act as considerably selective reuptake inhibitors of serotonin and noradrenaline and have shown to be effective in the treatment of depressive disorders (for a comprehensive review on citalopram: Joubert et al, 2000; on reboxetine: Kent, 2000) . In the treatment of depression, the antidepressant effects of all classical substances develop in the first place after repeated application and a duration of days to a few weeks (Katz et al, 2004) . Considered biological correlates of this delay of effect of selective reuptake inhibitors are considered to be adaptive changes in the balance of the transmitter systems with initial downregulation or desensitization of inhibitory autoreceptors. Consecutively, a remodeling takes place at the synaptic and intracellular level, resulting in adaptive neuroplastic changes with increased neuroneogenesis (Nemeroff and Owens, 2002; Berton and Nestler, 2006; Schloss and Henn, 2004) . These changes occur at noradrenergic and serotonergic synapses, thus representing the sites of action of the reuptake transporters and accordingly of the reuptakeinhibiting drugs. The effects of single dose application of these antidepressant drugs occur at the same places. The sites of action of antidepressants within functional systems of the brain are so far not clearly characterized. Such knowledge could be valuable for the neurobiological differentiation of subtypes of patients with depressive disorders toward a more serotonergic or noradrenergic dysfunction, leading to a neurobiologically indicated treatment with a more effective response to rather noradrenergic or serotonergic acting antidepressants.
Therefore, we combined a pharmacological with a functional approach. We specifically enhanced the neurotransmission of noradrenaline and serotonin by acutely and selectively blocking the reuptake of the respective transmitters during an emotional task to identify the sites of action of both drugs by differences of brain activity compared with placebo. Considering priming or facilitating actions of these antidepressants, the modulation of brain activity should depend on the activation of the respective regions because of the task: the greater the activation by the task, the greater the influence of the reuptake inhibitor. The noradrenergic and serotonergic modulated brain regions fit with known localizations of noradrenaline transporters (Kung et al, 2004; Logan et al, 2007; Schou et al, 2005) and serotonin transporters (Varnas et al, 2004; Laruelle et al, 1988) , although because of the widespread distribution of serotonergic and noradrenergic neurons and sites of innervation, this confirmation is rather a weak one concerning specificity, increasing the relevance of the additional functional approach.
Only a handful of recent studies have examined acute effects of serotonergic-or noradrenergic-reuptake inhibitors with functional MRI: McKie et al, 2005 infused citalopram and observed changes in brain activity compared with baseline during and after infusion in cortical (frontal, temporal, cingular, occipital) and subcortical (caudate, parahippocampal gyrus/amygdala, thalamus; deactivation in the pons) regions. In a study of Del-Ben et al, 2005, subjects performed three tasks addressing behavioral inhibition, reinforcement processing, and covert emotional face recognition after infusion of citalopram. Citalopram caused changes in similar cortical (frontal, temporal, occipital) and subcortical (dorsal thalamic, amygdalar) regions. In a comparable approach, Anderson et al, 2007 found after infusion of citalopram increased activity in frontal, insular, and occipital regions as well as in the dorsal thalamus during the recognition of disgusted faces. A fourth study concentrated on the changes in amygdalar activity during infusion of citalopram with an emotional face processing task (Bigos et al, 2008) . Applying escitalopram, the s-enantiomer of citalopram, during a sustained attention task, Wingen et al, 2008 found increased activity only in right temporal regions, but decreased brain activity in thalamic, frontal, and premotor areas. A recent study (Murphy et al, 2009 ) applied 20 mg citalopram 3 h before fMRI using the masked and unmasked emotional faces, revealing a reduced activity of the right amygdala after unmasked fearful faces. This reduction of amygdalar activity, although contradictory to the above-mentioned earlier findings in human beings Del-Ben et al, 2005; Bigos et al, 2008) and in animals (Burghardt et al, 2007 (Burghardt et al, , 2004 Forster et al, 2006) , is not in a direct conflict with our results of a stronger modulation of the amygdala by noradrenergic reuptake inhibition.
Untill now, three studies used acutely applied reboxetine. During a categorization task with self-referential emotional words during fMRI, reboxetine induced changes in a frontoparietal cortical network (Miskowiak et al, 2007) . The other studies focused on the amygdala during the perception of emotional facial movies (Onur et al, 2009 , Kukolja et al, 2008 , the former reporting additionally increased activations in frontal, cingular, and occipital brain regions.
Further studies administered (es)citalopram (Kumar et al, 2008; Rose et al, 2006) and reboxetine (Norbury et al, 2008 for 3 or 7 days, which may be at the very beginning of an antidepressive effect (Katz et al, 2004) , and at which time regulatory effects are to be supposed.
In this study, serotonergic modulation during the anticipation of negative and unknown emotional stimuli affected prefrontal regions (right MidFG, SFG, DLPFC, left IFG), the dorsal striatum, and the midbrain. These regions have been shown to be involved in the anticipation of negative or unpleasant stimuli in many studies (eg, Abler et al, 2007; Chua et al, 1999; Nitschke et al, 2006; Ploghaus et al, 1999; Herwig et al, 2007a, c; Jensen et al, 2003) as well as in the anticipation of stimuli after an undecided cue ('unknown' condition, Herwig et al, 2007c; Critchley et al, 2001) . Most of these studies showed additional activations in the (extended) amygdalar region and in the cingulate cortex, both here not clearly modulated by serotonin. In our study, citalopram modulated both the processing of negative and positive emotional information. Though not primarily addressed in our study, citalopram modulated brain activations during the anticipation of positive stimuli in such a way that it provides a possible explanation why our analysis of the combined 'pessimism contrast', including the comparison between the unknown and the negative condition with the positive anticipation period, revealed no differences. This points to increased activations because of serotonergic modulation in the same regions activated by the negative and unknown anticipation, which was not the case with placebo or with reboxetine. Accordingly, serotonin modulates regions involved in several cognitive-emotional functions such as response inhibition, motivational learning, valence appraisal, as well as varying effects on anxiety (acute application: increased anxiety, chronic SSRI: reduced anxiety), and mood (review: Cools et al, 2008) .
Earlier studies have identified noradrenergic modulation to act functionally more specific on attention and arousal (Berridge, 2008; Aston-Jones et al, 1999) , additionally with possible implications in anxiety and fear processing (Onur et al, 2009) . In particular, the mediodorsal nucleus of the thalamus, which was in this study strongly activated by reboxetine, is known to be part of the ascending reticular activating system, the rostral continuation of the reticular formation (Van der Werf et al, 2002) . Medial thalamic regions further receive input from viscero-sensitive and pain mediating brainstem areas and are considered to form a relay within the visceroceptive pathway toward, for example, insular regions (Vogt, 2005; Craig, 2002) . Our data of modulating influences of noradrenergic enhancement during the anticipation of negative and unknown stimuli in prefrontal, cingulate, temporal, parieto-occipital, and thalamic regions fit with the anatomical and neurochemical distribution of noradrenergic innervation in the brain with a lack of noradrenergic innervation in the striatum including the caudate (eg, Kung et al, 2004; Wilson et al, 2003; Schou et al, 2005; Varnas et al, 2004; Houle et al, 2000) . Concerning the post-scanning rating of the emotional pictures, we found no significant influence of the medication. Earlier studies found influences of the acute administration of citalopram (eg, Harmer et al, 2003; Bhagwagar et al, 2004) and reboxetine (De Martino et al, 2008; Miskowiak et al, 2007) on some emotional paradigms; others, however, found no significant behavioral effects of acute doses of citalopram Wingen et al, 2008) and reboxetine (O'Carroll and Papps, 2003) in emotional tasks.
From a systemic view, antidepressant medication was recently proposed to affect primarily basic emotion processing regions as the amygdala, rebalancing the dysfunctional interrelation to the prefrontal cortex in a bottom-up-mode (DeRubeis et al, 2008) . Our data expand this model by adding several prefrontal regions as well as thalamic and striatal areas as primary places of action of antidepressant substances. Thereby, citalopram may be suggested to act more on regions mediating behavior planning and executive control within the DLPFC (Fuster, 2000) and cognitiveemotional integration in the VLPFC (Mayberg, 2003) . Reboxetine can be suggested to modulate viscero-sensitive afferences and arousal functions in medial thalamic regions (Vogt, 2005; Berridge, 2008; Aston-Jones et al, 1999) . All these functional domains can be considered to be affected in depression (DeRubeis et al, 2008) , as shown in our specific task (Herwig et al, 2009 ). However, until now such findings neither provide a functional differentiation into subtypes of depression nor treatment response prediction.
With respect to the aim of improving therapy strategies for depression and of developing a personalized treatment approach in mind, future patients could be examined by fMRI with a task similar to ours to identify dysfunctional brain regions in the domain of emotion processing on the single subject level. According to this pattern, those antidepressants modulating the affected areas could be selected, which increases the activity in the respective dysfunctionally hyperactive region a dysfunctional signal in the sense of a pathological attractor for the information processing in the respective functional module. The modulatory antidepressant may thus promote neuroplastic adaptations representing the therapeutic effect. On the basis of our findings, hyperactivation in medial thalamic regions, for instance, might be better modulated with a noradrenaline-prone antidepressant. The principles of this approach may be a basis for personalized treatment based on neurobiological findings in psychiatric disorders.
Reflecting possible limitations of our study, we consider the relatively low number of analyzable subjects and scans with the analysis of 13-15 subjects corresponding to 26-30 scans in each comparison. However, the repeated-measures cross-over design of the study provided sufficient statistical power. Another specificity of our study is the lack of direct behavioral control or measure during the scan. We dispensed intentionally of any such direct behavioral measure, as the preparation and execution of an answer in any form would have been a distraction from the task and could have interfered with the addressed brain activities because of action preparation and cognitive evaluation. Participants confirmed their attention to the task in the interview after scanning. This was further verified by controlling individual brain activation in visual areas. Furthermore, the study was performed with healthy volunteers. The validity of the results for patients with depressive disorder still has to be shown.
In conclusion, the study presents a useful way of differentiating neurochemical subsystems involved in the processing of emotional information by combining functional imaging during an emotional task with an acute and specific pharmacological enhancement of serotonergic and noradrenergic neurotransmission in healthy subjects. This differentiation revealed common influences of both neurotransmitters (with a slight overweight of serotonergic effects) in medial and dorsolateral prefrontal regions during the anticipation of negatively and 'unknown' (ambiguously) cued emotional stimuli. The bilateral medial thalamic region was selectively affected by noradrenergic modulation, unlike medial and dorsolateral prefrontal regions, which were primarily modulated by serotonergic enhancement. This combined method of pharmaco-fMRI points to regions, which in future could possibly be used to detect endophenotypes of depressive syndromes in patients responding primarily to serotonergic-or noradrenergicacting antidepressants. Next steps in the development of a neurobiologically based administration of differential therapy in depression will be the application of these findings to depressed patients with a prospective view concerning the response to more noradrenergic or serotonergic acting antidepressants. 
